I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Evidence suggests that less than half of patients who undergo surgery report adequate postoperative pain relief.\[[@ref1]\] Inadequately controlled pain negatively affects quality of life, function, and functional recovery, the risk of postsurgical complications, and the risk of persistent postsurgical pain. Randomized trials\[[@ref2][@ref3]\] have shown that multimodal analgesia through different techniques is associated with superior pain relief and decreased opioid consumption compared with the use of a single medication administered through one technique. Use of epidural analgesic technique for major surgery should provide effective pain relief with minimal side effects and high levels of patient satisfaction. It should also obtund central sensitization and pain-induced organ dysfunction, leading to improved outcome.\[[@ref4]\]

Keeping the benefits of epidural adjunct to bupivacaine in consideration, our study is designed to compare the efficacy of dexmedetomidine versus fentanyl in combination with bupivacaine for postoperative analgesia in orthopedic surgery.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

The present study was carried out at the department of anesthesiology in a tertiary medical college, with an aim to compare the efficacy of epidural dexmedetomidine with bupivacaine versus epidural fentanyl with bupivacaine for postoperative pain relief.

This was a prospective, randomized study. The study was conducted at the Department of Anesthesiology, Era\'s Lucknow Medical College. The duration of the study was 18 months.

Inclusion criteria {#sec2-1}
------------------

Patients with ASA physical status Classes I and IIScheduled for elective lower limb orthopedic surgery.Adult patients of age group 20--50 years.

Exclusion criteria {#sec2-2}
------------------

Patient refusalPatients with significant cardiovascular disease, renal failure, hepatic dysfunction, chronic pulmonary disease, and diabetes mellitusNeuromuscular disorderInfectionBleeding disorderObesity (BMI \>30 kg/m^2^)History of allergy or sensitivity to any of the study drugs in previous surgeries.

Sixty adult patients with ASA physical status Classes I and II and between 20 and 50 years of age were allocated randomly into two groups (30 patients each).

Group I: Epidural bupivacaine with dexmedetomidineGroup II: Epidural bupivacaine with fentanyl.

The patients visited before surgery for preanesthetic check, and standard institutional preoperative advices were given. Written and informed consent was taken from the patients. The patients were asked nil per oral for solid food for 8 h and clear liquids for 2 h before surgery. On the day of surgery, the patients were wheeled in operation theater, and noninvasive monitors such as pulse oximeter, noninvasive blood pressure (NIBP), and ECG were attached, and baseline parameters were recorded. Intravenous (IV) access was secured and IV fluid was started.

The patients were made to sit and under strict aseptic precautions, 18G Tuohy\'s needle was inserted into L~2~--L~3~ interspinous epidural space. Epidural space was confi rmed by loss of resistance method and epidural catheter was threaded 3--4 cm inside the epidural space and fixed, after institution of test dose (3 ml injection lidocaine 0.2% with adrenaline). Patients were randomly divided into two groups using computer-generated randomization tool.
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Group I received 15 ml of 0.5% bupivacaine with 1 μg/kg injection dexmedetomidine epidurallyGroup II received 15 ml of 0.5% bupivacaine with 1 μg/kg of injection fentanyl epidurally.

Hemodynamic parameters were recorded at baseline (T0), immediately after the study drug is given (T~1~), every 5 min thereafter till 15 min, and then every 15 min thereafter till end of surgery and postoperatively till demand of first rescue analgesic. Patients with block failure and having surgeries lasting longer than 2 h were excluded from the study. After completion of surgery, the patients were shifted to the postoperative ward; hemodynamic parameters and duration of analgesia were recorded in postoperative period at every 30 min interval. Pain was assessed using 10-point visual analog scale (VAS) in which a score of "0" indicated "no pain" and a score of "10" indicated "worst pain imaginable." Duration of analgesia was recorded as the first complaint of pain (VAS \>4) in the postoperative period and rescue analgesic was administered. Rescue analgesic as 10 ml 0.25% bupivacaine was administered at the onset of pain (VAS \>4) in postoperative period and at each incidence of complaint of pain (VAS \>4) in next 24 h. The number of rescue analgesic epidural doses was recorded during the first 24 h.

VAS vomiting, shivering, sedation, hypotension, pruritus, and urinary retention were documented and managed.

Adverse effects such as nausea, accordinglyHypotension (defined by decrease in MAP below 20% of baseline or systolic blood pressure (SBP) (\<90 mmHg)) was treated by injection mephentermine 6 mg bolusesBradycardia (heart rate \[HR\] \<50 bpm) was treated by atropine 0.6 mg IVRespiratory depression (relative risk \<8 breaths per min or SpO~2~ \< 95%) was treated by oxygen supplementation and respiratory support if requiredNausea and vomiting were treated with injection ondansetron 0.1 mg/kg IV.

Statistical tools employed {#sec2-3}
--------------------------

The statistical analysis was done using SPSS (Statistical Package for Social Sciences) Version 15.0 Statistical Analysis Software. The values were represented in number (%) and mean ± standard deviation. To test the significance of two means, the student "t"-test was used, Mann--Whitney U-test was performed for nonparametric data, and Chi-square test was used for categorical outcome. The confidence level of the study was 95% and *P* \< 0.05 indicated statistically significant association.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The present study was conducted at the Department of Anesthesiology, Era\'s Luckow Medical College, Lucknow, to study of efficacy of epidural dexmedetomidine with bupivacaine versus epidural fentanyl with bupivacaine for postoperative pain relief in lower limb orthopedic surgery. A total of 60 patients of lower limb orthopedic surgery fulfilling the inclusion criteria were included in the study. These patients were randomly allocated to two groups \[[Table 1](#T1){ref-type="table"}\].

###### 

Group-wise distribution of the study population
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Difference in age of both the groups was not found to be statistically significant (*P* = 0.610). Out of 60 patients recruited in the study, only 13 (21.67%) were females and rest 47 (78.33%) were males. Difference in gender of patients in both the groups was not found to be statistically significant (*P* = 0.754) \[[Table 2](#T2){ref-type="table"}\].

###### 

Between-group comparison of demographic profile of study population
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Between-group differences for above anthropometric variables were not found to be statistically significant (*P* \> 0.05) \[[Table 3](#T3){ref-type="table"}\].

###### 

Between-group comparison of anthropometric variables
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At baseline (immediately after epidural block), difference in none of the above hemodynamic variables of above two groups was found to be statistically significant (*P* \> 0.05) \[[Table 4](#T4){ref-type="table"}\].

###### 

Between-group comparison of baseline hemodynamic variables
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At baseline (immediately after epidural block), pulse rate of Group II (101.07 + 13.13 per min) was found to be higher than that of Group I (93.90 + 15.20 per min), but this difference was not found to be statistically significant. Between-group difference in pulse rate was not found to be statistically significant at any of the periods of observation \[[Table 5](#T5){ref-type="table"}\].

###### 

Between-group comparison of pulse rate at different time intervals
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At baseline, SBP of Group II (134.33 + 12.95 mm Hg) was higher than that of Group I (133.30 + 11.23 mm Hg). Thereafter at 1 min to 10 min and at 75 min, SBP of Group II was found to be higher than that of Group I, and at rest of the periods of observation, SBP of Group I was found to be higher than that of Group II. Between-group difference of SBP was not found to be statistically significant at any of the periods of observation except at 120 min and 180 min \[[Table 6](#T6){ref-type="table"}\].

###### 

Between-group comparison of systolic blood pressure at different time intervals
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At baseline, diastolic blood pressure of Group I (85.20 + 9.01 mm Hg) was found to be higher than that of Group II (84.47 + 9.43 mm Hg). At all time periods of observation except at 2 min, 3 min, 4 min, 75 min, 90 min, and 4 h, diastolic blood pressure of Group I was found to be higher than that of Group II. Difference in diastolic blood pressure of above two groups was not found to be statistically significant at any of the periods of observation \[[Table 7](#T7){ref-type="table"}\].

###### 

Between-group comparison of diastolic blood pressure at different time intervals

![](AER-12-572-g008)

Mean duration to achieve T~10~ sensory block in Group I (8.10 + 1.03 min) was early than that in Group II (15.03 + 1.67 min); difference in mean duration of achieving T10 sensory block was found to be statistically highly significant (*P* \< 0.001). Time to attain T6/T7 (maximum sensory level) in Group I (13.23 + 1.43 min) was statistically significantly earlier (*P* \< 0.001) than that of Group II (20.80 + 1.85 min).

Mean duration of onset of motor block in Group I (15.10 + 1.49 min) was statistically significantly earlier (*P* \< 0.001) than that of Group II (22.77 + 1.41 min). Complete motor block was achieved statistically significantly earlier (*P* \< 0.001) in Group I (17.60 + 1.65 min) as compared to Group II (26.20 + 1.37 min) \[[Table 8](#T8){ref-type="table"}\].

###### 

Between-group comparison of analgesic characteristics
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Higher levels of sedation (T0-T1) were achieved by higher proportion of patients of Group II as compared to Group I \[[Table 9](#T9){ref-type="table"}\].

###### 

Between-group comparison of maximum sedation achieved by study population (Mann-Whitney U-test)
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Majority of patients of Group I required 2--3 rescue doses (93.33%) during the surgery while majority of patients of Group II required 3--4 rescue doses (80.0%). Difference in requirement of rescue doses by Group I and Group II was found to be statistically significant (*P* \< 0.001) \[[Table 10](#T10){ref-type="table"}\].

###### 

Between-group comparison of number of rescue doses required by study population
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The first analgesic requirement in Group II was earlier (212.20 + 10.91 min) as compared to Group I (329.90 + 16.11 min). Difference in time of first analgesic requirement between the above two groups was found to be statistically significant (*P* \< 0.001) \[[Table 11](#T11){ref-type="table"}\].

###### 

Between-group comparison of time of first dose of analgesic agent (min)
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Lower abdominal and lower limb surgeries may be performed under local, regional (spinal or epidural), or general anesthesia, but neuraxial blockade is the preferred mode of anesthesia.

In recent years, use of adjuvants during epidural anesthesia has gained popularity with the aim of prolonging the duration of block, better success rate, patient satisfaction, decreased resource utilization compared with general anesthesia, and faster recovery.

The common problem during infraumblical and lower abdominal surgeries under regional anesthesia is visceral pain, nausea, and vomiting.\[[@ref5]\] The addition of fentanyl to hyperbaric bupivacaine improves the quality of intraoperative and early postoperative block.\[[@ref6]\] The addition of opioid provides a dose-sparing effect of local anesthetic and superior analgesia, but there is always a possibility of an increased incidence of pruritus, urinary retention, nausea, vomiting, and respiratory depression.\[[@ref7][@ref8]\]

Dexmedetomidine is a new addition to the class of α~2~ agonist which has got numerous beneficial effects when used through epidural route.\[[@ref9]\] It acts on both pre- and post-synaptic sympathetic nerve terminal and central nervous system, thereby decreasing the sympathetic outflow and norepinephrine release causing sedative, antianxiety, analgesic, sympatholytic, and hemodynamic effects.\[[@ref10][@ref11]\] Dexmedetomidine causes a manageable hypotension and bradycardia, but the striking feature of this drug is the lack of opioid-related side effects such as respiratory depression, pruritus, nausea, and vomiting.\[[@ref12][@ref13]\] Both dexmedetomidine (α~2~ agonist) and fentanyl (opioid) are being used as adjunct with bupivacaine to increase duration of regional anesthesia.

Multimodal analgesia is a pharmacologic method of pain management which combines various groups of medications for pain relief such as local anesthetics, opioids, NSAIDs, and α^2^ agonists. It has been seen that dexmedetomidine has been used successfully as part of a multimodal analgesic plan and can be an alternative choice for opioid-tolerant patients.\[[@ref14]\]

With this background, the present study was carried out with an aim to evaluate the efficacy of epidural dexmedetomidine with bupivacaine versus epidural fentanyl with bupivacaine for postoperative pain relief.

For this purpose, a randomized controlled trial was carried out in which a total of 60 patients with ASA physical status classes I and II scheduled to undergo elective lower limb orthopedic surgery aged 20--50 years were enrolled in the study and were randomly allocated to one of the two study groups -- Group I (*n* = 30) received 15 ml of 0.5% bupivacaine with 1 μg/kg injection dexmedetomidine epidurally and Group II (*n* = 30) received 15 ml of 0.5% bupivacaine with 1 μg/kg of injection fentanyl epidurally.

In the present study, age of patients ranged from 20 to 50 years. Maximum number of patients presented in 21--30 years of age (41.7%). Mean age of patients was 34.43 ± 9.50 years. Lower limb injuries are generally caused by trauma, fall from height, combat, road traffic accidents, and sporting injuries -- mainly involving active outdoor life which is reflective in most active years of life.

As such age and gender profile of two groups was matched and did not show a significant difference between two groups, thus indicating that the two groups were matched.

At baseline, the hemodynamic parameters were within normal limits and matched statistically between the two groups. Thus, the two study groups showed a statistical matching for all the demographic, clinical, and hemodynamic parameters and did not show the presence of any confounding factor.

The two groups were found to have no hemodynamic difference throughout the study except for pulse rate at 3 min interval when mean value in fentanyl group was higher as compared to that in dexmedetomidine group. Mean % change from baseline ranged from 2.17% (2 min) to 19.24% (90 min) in dexmedetomidine group and from 3.46% (1 min) to 26.32% (105 min) in fentanyl group. Thus, change in pulse rate was higher in fentanyl group as compared to that in dexmedetomidine group. Compared to the present study, Prakash *et al*.\[[@ref15]\] also found significant difference in HR among placebo, fentanyl, and dexmedetomidine group with dexmedetomidine group having minimum mean values as compared to other two groups. The difference between two studies could be owing to difference in drug interactions owing to different combinations of drugs being used. In the present study, 0.5% bupivacaine was used as the primary drug with 1 μg/kg dexmedetomidine or 1 μg/kg fentanyl, respectively, whereas Prakash *et al*.\[[@ref15]\] used 0.25% bupivacaine as the principal drug with same dose of dexmedetomidine or fentanyl as the adjuvants.

Group I (*n* = 30) received 15 ml of 0.5% bupivacaine with 1 μg/kg injection dexmedetomidine epidurally, while Group II (*n* = 30) received 15 ml of 0.5% bupivacaine with 1 μg/kg of injection fentanyl epidurally. Similar to the present study, Prakash *et al*.\[[@ref15]\] in their study also found mean HR to be lower in fentanyl group as compared to that in fentanyl group throughout the study period yet did not find a statistically significant difference between two groups at any of the follow-up evaluations.

In the present study, SBP was found to be matched statistically between two groups, except at 120 and 180 min follow-up intervals when mean value was significantly lower in fentanyl as compared to dexmedetomidine group. During the entire study period, dexmedetomidine group showed a reduction ranging from 4.53% (1 min) to 16.18% (45 min) whereas fentanyl group showed a reduction ranging from 4.84% (2 min) to 19.55% (60 min). For diastolic blood pressure, the difference between two groups was not found to be significant statistically at any of the time intervals. At all the follow-up intervals, mean values were lower as compared to baseline. Mean % reduction ranged from 3.95% (1 min) to 15.92% (120 min) in dexmedetomidine group whereas the same ranged from 3.99% (1 min) to 16.46% (60 min). Similar observations were observed for mean arterial pressure. At none of the time intervals, the reduction in blood pressure exceeded 20% cutoff level to be classified as hypotension. In the present study, hypotension was noticed as an adverse hemodynamic outcome in only 1 (3.33%) of fentanyl group patient whereas in dexmedetomidine group no hemodynamic side effect was noticed at the given dose combination. Hemodynamic events such as hypotension or bradycardia have rarely been reported in different studies reviewed by us. In a study by Akin *et al*.,\[[@ref16]\] mean HR, respiratory depression, hypotension, oversedation, hypoxia, and hypercapnia decreased significantly in the dexmedetomidine group.

The findings in the present study in general are in accordance with the findings in literature. Gupta *et al*.\[[@ref17]\] in their study found dexmedetomidine to offer a better hemodynamic stability as compared to fentanyl in their study which is similar to the findings made in present study. Hanoura *et al*.\[[@ref18]\] in their study also indicated statistically no significant difference between fentanyl and dexmedetomidine groups with respect to hemodynamic stability. Mahendru *et al*.\[[@ref19]\] also found that adjuvant dexmedetomidine provided a better hemodynamic stability as compared to fentanyl when used as adjuvant to epidural bupivacaine. In the study of Gupta *et al*.,\[[@ref20]\] who used 0.5% levobupivacaine in combination with 25 μg dexmedetomidine as compared to 0.5% levobupivacaine in combination with 50 μg fentanyl found both the groups comparable for hemodynamics. Kaur *et al*.\[[@ref21]\] also found both fentanyl as well dexmedetomidine to be comparable when used in combination with 0.75% ropivacaine. Prakash *et al*.,\[[@ref15]\] Dilesh *et al*.,\[[@ref22]\] Karhade *et al*.,\[[@ref23]\] and Soliman and Eltaweel\[[@ref24]\] also made similar observations. As such none of the studies has reported any hemodynamic side effect resulting into any hemodynamic emergency.

In the present study, duration of surgery ranged from 90 to 120 min. The mean duration was 107.55 ± 8.29 min. There was no statistically significant difference between two groups with respect to duration of surgery.

In the present study, onset of sensory block was considered to be at T~10~. The sensory block was achieved in 8.10 ± 1.03 min in dexmedetomidine as compared to 15.03 ± 1.67 min in fentanyl group, thus showing that onset of sensory block was earlier in dexmedetomidine group as compared to fentanyl group. The sensory onset time for adjuvant use of dexmedetomidine and fentanyl in combination with bupivacaine has been shown to vary in different studies \[[Table 12](#T12){ref-type="table"}\].

###### 

Duration of sensory block onset as seen in different series evaluating adjuvant use of dexmedetomidine and fentanyl (min)
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[Table 12](#T12){ref-type="table"} shows a variable onset time for different dose/route combinations. In studies using bupivacaine as the major drug, the onset time has been reported to be comparable by Gupta *et al*.\[[@ref17]\] and Mahendru *et al*.\[[@ref19]\] In another study using a low concentration startup dose of bupivacaine, Dilesh *et al*.\[[@ref22]\] also found the fentanyl to consume shorter onset time as compared to dexmedetomidine. In the present study using dexmedetomidine and fentanyl in combination with 0.5% bupivacaine, the onset time was higher in fentanyl group (15.03 ± 1.67 min) as compared to dexmedetomidine group (8.10 ± 1.03 min).

In the present study, in both the groups, maximum block level achieved was T6-T7. Mean time taken to achieve maximum block level was 13.23 ± 1.43 min in dexmedetomidine group and 20.80 ± 1.85 min in fentanyl group. This difference was statistically significant. In different studies, this time interval has been shown to vary substantially. In the series of Gupta *et al*.,\[[@ref17]\] maximum block level achieved was higher in dexmedetomidine group (T5) as compared to fentanyl group (T6) and time taken to achieve the maximum block level was 12.6 min in dexmedetomidine group and 12.1 min in fentanyl group. Mahendru *et al*.\[[@ref19]\] in their study reported time taken to achieve maximum block level as 9.6 min in fentanyl and 10.3 min in dexmedetomidine group and did not report a significant difference between two groups. Dilesh *et al*.\[[@ref22]\] reported 246.6 s in dexmedetomidine group and 160.8 s in Fetanyl group. Gill *et al*. (2016)\[[@ref25]\] in their study, similar to our study, also reported mean time taken to achieve maximum sensory block level to be shorter in dexmedetomidine group (15.04 min) as compared to that in fentanyl group (16.68 min) and thus showing a significant difference between two groups. Gupta *et al*.\[[@ref20]\] in their study reported this time to be 21.37 min in dexmedetomidine and 27.7 min in fentanyl group. The differences in direction and magnitude of time taken to achieve maximum sensory block level in different studies seem to be dependent on various drug-dosage interactions.

In the present study with respect to motor block too, time of onset and time taken to achieve complete motor block were shorter in dexmedetomidine group as compared to that in fentanyl group, and this difference was significant statistically too. [Table 13](#T13){ref-type="table"} shows a comparative assessment of time of onset and time taken to achieve complete motor block level in different contemporary series comparing adjuvant use of dexmedetomidine and fentanyl \[[Table 13](#T13){ref-type="table"}\].

###### 

Motor block onset time and time taken to achieve complete block as seen in different series evaluating adjuvant use of dexmedetomidine and fentanyl (min)
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With respect to onset time, Gupta *et al*.\[[@ref17]\] and Mahendru *et al*.\[[@ref19]\] reported the onset time to be shorter in fentanyl group; however, Gill *et al*.\[[@ref25]\] reported it to be shorter in dexmedetomidine group as compared to fentanyl group. In the present study, the difference in onset time of motor block was quite distinct between two groups showing a difference of 7.67 min between two groups with an earlier block in dexmedetomidine as compared to fentanyl group. With respect to time taken to achieve complete/maximum motor block, all the three studies whose records on this aspect were available\[[@ref20][@ref25][@ref26]\] reported it to be shorter in dexmedetomidine group as compared to fentanyl group. The findings of the present study endorse these observations. The probable mechanism may be the intrinsic ability to block conduction in C and A δ fibers by stimulation of α^2^ receptors will increase the intensity of conduction block of local anesthetic agents.\[[@ref27]\]

In the present study, no significant difference between two groups was observed with respect to maximum sedation level achieved; however, proportion of patients showing T3 score was higher in dexmedetomidine group (33.3%) as compared to fentanyl group (20%).

In the present study, rescue analgesic need was lower in dexmedetomidine group where only 6.7% patients required more than 3 rescue dosages in fentanyl group where 80% of patients required more than 3 rescue analgesic dosages. Mean time taken for first rescue analgesic dose was also longer in dexmedetomidine as compared to fentanyl group. Bajwa *et al*.\[[@ref26]\] and Gupta *et al*.\[[@ref20]\] did not record total number of analgesic dosages as the outcome yet they reported the time for first analgesic need to be longer in dexmedetomidine group as compared to fentanyl group. In another study, Gill *et al*. (2016)\[[@ref25]\] also recorded lower 24 h analgesic need in dexmedetomidine as compared to fentanyl group. Similar observations were also made by Gupta *et al*.\[[@ref17]\] Thus, as far as analgesic effect is concerned, the findings in the present study are in accordance with the empirical observations.

The findings in the present study showed that dexmedetomidine is a safe, complication-free, and hemodynamically stable drug that can be used as adjuvant in epidural anesthesia with similar safety profile as for fentanyl but with a relatively better analgesic profile. The findings showed that with the drug-dose schedule used in the present study, the side effects were well under control, and hemodynamic stability was maintained for both the adjuvants. Further comparative studies with other opioids and β~2~-adrenergic drugs are also recommended to find out the optimum drug-dose combination with a better and safe analgesic profile.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

The present study was conducted to study the efficacy of epidural dexmedetomidine with bupivacaine versus epidural fentanyl with bupivacaine for postoperative pain relief in lower limb orthopedic surgery. We have seen that the time to achieve T10 sensory block was early in Group I (dexmedetomidine) (8.10 + 1.03 min) as compared to Group II (15.03 + 1.67 min). Onset of motor was earlier in Group I (15.10 + 1.49 min) as compared to Group II (22.77 + 1.41 min), and complete motor block too was earlier in Group I (17.60 + 1.65 min) as compared to Group II (26.20 + 1.37 min). In Group I (dexmedetomidine), majority of patients required 2--3 rescue doses only; while in Group II (fentanyl), majority of patients required 3--4 rescue doses. Difference in requirement of rescue doses among patients of both the groups was found to be statistically significant. Considering these findings, we can say that dexmedetomidine has much more efficacy than fentanyl when given epidurally for postoperative pain relief.
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